Introduction

In hot melt extrusion (HME) processing of amorphous solid
dispersions (ASD), a homogenous molecular dispersion must be
generated, avoiding both thermal degradation of drug and polymer
and residual crystalline content. Applying temperature-composition
phase diagrams, based on melting point depression of a miscible-drug
polymer system, and taking into account kinetic criteria, rationally
selected process conditions can be identified to prepare ASDs free of
residual crystalline content.
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Figure 1. The temperature-composition phase diagram for a drug-polymer
system can be used to guide processing temperature selection. By incorporating
Kinetic criteria, a process operating design space diagram can be constructed.
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Figure 2. (a) Melting point depression is illustrated through DSC heat flow traces
of various drug-polymer mixtures. (b) Melting point offset temperature is non-
linear with respect to heating rate. (¢) The interaction parameter y can be
extracted by linear regression analysis.
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Figure 3. Indomethacin-PVPVA temperature-composition phase diagram,
identifying the solubllity line and glass transition temperature across the
composition range.
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Hot Melt Extrusion Results

Melting Regime (>T,,)
Even at short residence times, a fully amorphous sample is generated.
Dissolution Regime (T,,>T,)

At short residence times (2 minutes), a processing temperature of 10°C
above the T, was required to generate a fully amorphous sample. At the
T., residence time exceeding 20 minutes was required to generate a fully
amorphous sample.

Suspension Regime (<T,)
Below the T, a fully amorphous sample could not be prepared.

T, =131°C T, =161°C
307 | |
T [ [
|
25 [ ® 2 minresidencetime
] l ® 5 minresidence time
é‘ 20 I 10 min residence time
= | [ v 20 min residence time
p— [ l
Si15{ " | |
)
E‘ y [ [
O 104 [ [
S . | |
5 | |
l l
A A S ;.!.:. ............. L..... LOQ ~1%
O . W LOD ~0.4%
| ' I : l ' ' ' ' ' !
120 130 140 150 160 170

Temperature (°C)

Figure 4. Quantification of crystalline content of
1:1 indomethacin:PVPVA ASDs by XRPD as a
function of product melt temperature.
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The risk for residual crystallinity is controlled by
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Figure 6. Formation mechanism of ASDs by HME processed at
_ _ _ | temperatures between T,, and T.. Residual crystallinity may
Dissolution Regime oo result if insufficient mixing and/or residence time is provided.

residual crystallinity

The expected trends between temperature and residence time are
observed, with longer residence times being required to produce amorphous
samples at lower temperatures.

The crystalline-to amorphous zone transition boundary depends significantly
on the measurement technique employed.

Figure 6. HME process operating design space of 1:1 indomethacin:PVPVA . Based
on the sensitivity of the characterization technique, the sample can be classified as
amorphous or crystalline. These classifications create zones where samples can be
considered amorphous.
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Conclusion For More Information

The temperature-composition phase diagram provides an rational
framework for designing HME processes to manufacture ASD to prevent
residual crystalline content, delineating the minimum processing
temperature based on thermodynamic considerations.

This approach can be further refined by developing a process operating
design space diagram which incorporates both thermodynamic and kinetic
considerations, wherein processes using lower temperatures and shorter
residence times are more susceptible to residual crystallinity. Accurate
determination of the processing regime zone boundaries lessens the risk of
residual crystallinity, and depends on the analytical approach employed.
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